Method for Forming Three-Dimensional Structures on a Substrate 



TECHNICAL FIELD 

[0001] The present invention relates generally to electronic components, and more 
particularly to a system and method for forming three-dimensional structures on a substrate. 

BACKGROUND 

[0002] The increasing integration of semiconductor components and the continually rising 
number of electrical connections between wafers and the carrier elements thereof and, in 
particular, the required miniaturization in the sense of assemblies that are as flat as possible have 
led to the use of the direct contact-connection of the semiconductor chips on the carrier elements 
(e.g., flip-chip bonding). 

[0003] However, in order to enable a direct contact-connection of semiconductor chips on 
carrier elements, such as a PCB (printed circuit board), it is necessary to produce on the 
semiconductor chip 3-D structures which end at their respective highest point in a gold-plated 
contact element and are connected to a bonding pad of the wafer via an interconnect. This gold- 
plated contact area may then be provided with a solder material and be electrically and 
mechanically connected. to a corresponding soldering contact on the PCB. 

[0004] In order to achieve a certain compensation of mechanical loading on the finished 
assembly, e.g., caused by different thermal expansion coefficients of the individual components 
or during the handling thereof, the basic structure of the 3-D structure may be produced from a 
comphant material, e.g., silicone, thus resulting in a three-dimensional, mechanically flexible 
structure which is fixedly connected to the wafer. 

2002 P 12234 -I- 



[0005] The interconnects (reroute layer) used for the electrical connection between the 
bonding pad and the 3-D structure are constructed on a seed layer, on which is grown a copper 
interconnect and, above the latter, a nickel layer, which serves to protect the copper layer from 
corrosion. 

[0006] In order to achieve a solderability of the contact element, the nickel layer must be 
coated with gold in this region at least on the tip of the 3-D structure. 

[0007] The required patteming of all the layers and functional elements is usually realized 
by photolithographic processes. 

[0008] The functional elements are patterned after the deposition of a photoresist on the 
wafer, e.g., by the dispensing or printing and subsequent exposure and development of the 
photoresist to produce a resist mask. A metallization made of copper, nickel and gold may then 
be constructed within the openings of the resist mask on the seed layer. Afterwards, the gold 
layer must be partially covered by a lithography in such a way that the undesired regions of the 
gold layer can be selectively etched and, finally, all that remains is a gold layer on the tip of the 
3-D structure. 

[0009] This method can be represented in sunmiary by the following process flow: ^ 
deposition of the seed layer; 

EPRl (epoxy photoresist 1): coating and patteming of the EPRl photoresist mask 
(lithography step 1); 

reroute plating, production of the copper/nickel layer on the seed layer; 
coating of the reroute layer with gold; 

EPR2 (epoxy photoresist 2): coating and patteming of the EPR2 photoresist mask 
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(lithography step 2); and 

selective etching of the Au layer (wet etching or removal/stripping). 

[0010] In this method, the application of the photoresist is highly problematic due to the 3-D 
structures on the wafer. The formation of the 3-D structures on the wafer leads to a greatly 
fissured surface, so that, during the application of a photoresist by the customary coating 
methods such as printing or dispensing, it cannot be ensured that the thickness of the applied 
photoresist is the same at every point of the surface in spite of the structure of the wafer surface. 
Thus, it must be expected, for example, that the photoresist will run down at least partially on the 
3-D structures and, consequently, have an excessively small thickness on the 3-D structures as a 
result. It must also be expected that the photoresist will uniformly fill, or even out, depressions 
on the wafer, so that a larger thickness of the photoresist is to be noted in the region of the 
depressions. 

[0011] However, in order to be able to produce structures suitable for subsequent processing 
steps, e.g., metallization, by means of the photolithography on the wafer, it must be ensured that 
the photoresist is distributed as uniformly as possible with a uniform thickness along the 
structure after the application on the wafer. That is particularly difficult in the case of 3-D 
structures, as already explained. The problems multiply if a plurality of photolithographic steps 
have to be carried out one after the other. 

[0012] This problem also exists in a similar manner in the case of the photolithographic 
patterning of printed circuit boards (PCBs). The process of coating with a resist is effected by 
electrodeposition of an electrophoretic resist, in this case the entire printed circuit board being 
suspended perpendicularly into the electrophoretic resist. This is necessary in order to prevent 
the unavoidable outgasing of hydrogen from leading to disturbances of the coating (pinholes) 
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during the coating operation. However, since it is absolutely necessary to prevent the rear side of 
the printed circuit board from likewise being coated with the resist, the rear side of the printed 
circuit board is covered with the aid of a film or the like prior to coating. 

[0013] It has been shown, however, that transferring this method to the patterning of 3-D 
structures and effecting a reroute layer on wafers in this way is not suitable since in practice it is 
virtually impossible to suspend the wafers perpendicularly into an electrophoretic resist and at 
the same time prevent the wafer's rear side from being coated. 
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SUMMARY OF THE INVENTION 

[0014] A preferred embodiment of the present invention relates to a method for forming 3-D 
structures on wafers in the form of bumps distributed on the wafer. Each of these bumps can be 
electrically connected to a bonding pad on the wafer via an interconnect by realizing the 3-D 
structures and the interconnect by photolithographic processes by means of a photoresist mask 
patterned by exposure and development and by subsequent layer construction by metallization. 

[0015] Another preferred embodiment of the invention provides a method for forming 3-D 
structures on wafers which can be realized simply and reliably and with which a uniform coating 
with a completely uniform layer thickness is achieved over the surface of the wafer. 

[0016] Advantages of various embodiments of the invention can be achieved, in the case of 
a method of the type mentioned in the introduction, by virtue of the fact that an electrophoretic 
resist is used as the photoresist, and the coating of the wafer with the electrophoretic resist is 
performed by dipping the active side of the wafer into the resist and by subsequently applying an 
electrical voltage between the wafer and the electrophoretic resist. 

[0017] It has surprisingly been shown that it is possible to dip the wafer into the 
electrophoretic resist on the active side and to perform the desired coating with the photoresist by 
applying an electrical voltage. In particular, it has been shown that even very small structures on 
the wafer are coated with a uniform thickness. 

[0018] Preferably, the active side of the wafer is dipped into the electrophoretic resist in a 
horizontal arrangement of the wafer. This achieves a largely uniform distribution of the hydrogen 
bubbles over the area of the wafer. 
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[0019] Furthermore, the wafer rear side is protected from wetting during the process of 
dipping into the electrophoretic resist. This is possible in a simple manner by means of suitable 
receptacle devices and exact positioning during the dipping operation. 

[0020] In order to prevent gas bubbles from collecting on the surface of the resist during the 
layer deposition, the wafer may be caused to rotate during the coating operation into the 
electrophoretic resist. 

[0021] In another possible method, a flow is produced in the electrophoretic resist at least 
below the wafer, so that the gas bubbles are transported away from the surface of the resist. 

[0022] A favorable alternative includes causing the electrophoretic resist to move (e.g., 
rotate) in the region of the surface of the wafer, this rotation being able to be produced in a 
simple manner by means of a stirrer. This also enables the gas bubbles to be removed from the 
surface of the resist. 

[0023] In a further refinement of the invention, the wafer is removed after the process of 
coating with the electrophoretic resist in a horizontal position and the coating is completed by a 
thermal treatment, for example baking or annealing. As a result, the coating acquires a 
sufficiendy solid consistency while maintaining the uniform layer thickness, so that the wafer 
can be turned over and processed further. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] For a more complete understanding of the present invention, and the advantages 
thereof, reference is now made to the following descriptions taken in conjunction with the 
accompanying drawings, in which: 

[0025] Figure 1 A shows a sectional illustration of a detail from a 3-D structure coated with a 
seed layer on a wafer; 

[0026] Figure IB shows the plan view of the 3-D structure according to Figure 1 A; 

[0027] Figure 2 A shows a detail from the wafer coated with an electrophoretic resist; 

[0028] Figure 2B shows the plan view of the wafer according to Figure 2A; 

[0029] Figure 3 A shows a detail from the wafer after the photolithographic patterning of the 
electrophoretic resist and the metallization of the interconnect; 

[0030] Figure 3B shows the plan view of the wafer according to Figure 3 A; 

[0031] Figure 4A shows a detail from the wafer after the deposition of gold on the 
interconnect; 

[0032] Figure 4B shows the plan view of the wafer according to Figure 4A; 

[0033] Figure 5 A shows a detail from the wafer after the stripping of the electrophoretic 
resist and the etching of the seed layer; and 

[0034] Figure 5B shows the plan view of the wafer according to Figure 5A. 
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0035] The making and using of the presently preferred embodiments are discussed in detail 
below. It should be appreciated, however, that the present invention provides many applicable 
inventive concepts that can be embodied in a wide variety of specific contexts. The specific 
embodiments discussed are merely illustrative of specific ways to make and use the invention, 
and do not limit the scope of the invention. 

[0036] Figures lA and IB illustrate a detail from a substrate or wafer 1, in which a 
compliant element 2 as the basic element of the 3-D structure 3 to be produced is fixed on the 
wafer L In one embodiment, the comphant element 2 is made of a compUant material, e.g., 
having a Young's Modulus of less than 5MPa. The preferred material is silicone. The compliant 
element 2 provides forgiveness in the X & Y directions (e.g., helping to compensate for thermal 
mismatch) and is compliant in the Z direction (e.g., helping with test and bum-in). The 
compliant element 2 is illustrated as being a rectangular structure including relatively sharp 
edges. It is understood that other shapes, such as curved structures, can be made. 

[0037] In the preferred embodiment, the compliant element 2 is one of a number of bumps 
that is used to provide electrical connection between a semiconductor chip and a circuit board. 
For example, the chip could be a dynamic random access memory (DRAM) that includes center 
contact pads. The contact pads connect to intemal circuitry (not shown) to provide an electrical 
path to circuits outside of the chip. The bumps provide a soft physical interconnect between the 
chip and the board (not shown) to which the chip will be secured. 

[0038] Redistribution conductors (see e.g., element 9 in Figure 5B) serve as a reroute layer 
to electrically couple each contact pad (not shown) on the chip with a corresponding terminal 
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that overlies one of the bumps 2. The terminal is the portion of the redistribution on top of the 
bump. The redistribution helps to relax the pitch of the pads since the geometry on the board (on 
which the chip is mounted) is greater than that of the chip. One goal is to provide a 
redistribution wiring from the contact pads to the bumps. The following description provides an 
improved method of patterning this redistribution wiring. 

[0039] Returning to Figures 1 A and IB, in order to prepare for the subsequent metallization, 
a seed layer 4 is situated on the wafer 1 and the compliant element 2. In order to be able to 
perform the metallization at the necessary locations on the wafer 1, an electrophoretic resist 5 is 
applied on the wafer 1 (see Figure 2A). The coating of the wafer 1 may be performed by dipping 
the active side of the wafer into the electrophoretic resist situated in a container and by 
subsequently applying an electrical voltage between the wafer 1 and the electrophoretic resist in 
the container. In this context, the active side of the wafer is the side of the wafer that includes 
the compliant element 2, regardless of where the circuitry (e.g., transistors) is formed. Since, 
with increasing layer deposition on the wafer, the electrical resistance increases at the same time, 
the coating is automatically stopped after a sufficiently high resistance has been reached. 

[0040] The active side of the wafer 1 is dipped into the electrophoretic resist in a horizontal 
position of the wafer 1. This results in a largely uniform distribution of the hydrogen bubbles 
over the area of the wafer 1 during the coating process. Furthermore, the rear side of the wafer 
should be protected from wetting during the coating operation. This can be achieved in a simple 
manner by means of suitable receptacle devices and exact positioning during the dipping 
operation. 

[0041] In order to prevent the gas bubbles from collecting on the surface of the resist 5 
during the layer deposition, the wafer 1 may be caused to move (e.g., rotate) during the coating 
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operation. A comparable effect is achieved if a flow is produced in the electrophoretic resist at 
least below the wafer 1, so that the gas bubbles are transported away from the surface of the 
deposited resist 5. Thus, the electrophoretic resist could be caused to move (e.g., rotate) in the 
region of the surface of the wafer 1. This can be produced in a simple manner by means of a 
stirrer. 

[0042] Coating the wafer 1 by electrodeposition results in a completely uniform coating 
with the resist 5 on the 3-D structures as well. Since the resist does not yet have sufficient 
strength after coating, it is desirable to stabilize it by means of a thermal treatment, for example 
by baking or annealing. As a result, the resist 5 on the wafer 1 acquires a sufficiently solid 
consistency while maintaining the uniform layer thickness so that the wafer 1 can be turned over 
and processed further (Figures 2A and 2B). 

[0043] The coating of the wafer 1 with the resist 5 may then be followed by the further 
patteming firstly of the resist 5 by means of customary photolithography in order to produce a 
resist mask for the subsequent metallization steps. The completed resist mask can be seen from 
Figures 3A and 3B. In this case, a first conductive layer 6 is deposited on the portion of the seed 
layer 4 that is not covered by mask 5 and a second conductive layer 7 is deposited over the first 
conductive layer 6. In the preferred embodiment, a copper layer 6 is deposited on the seed layer 
4 and a nickel layer 7 is deposited thereabove by means of generally known methods. In other 
embodiments, other conductive materials can be used. 

[0044] Referring now to Figures 4A and 4B, the reroute layer is shown completed with an 
additional conductive layer 8. In the preferred embodiment, a gold layer 8 is formed above the 
nickel layer 7 by means of generally known methods. In other embodiments, other conductive 
materials can be used. 
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[0045] In the final method step, the layers that are no longer required are removed as shown 
in Figures 5A and 5B. They are the resist 5 of the resist mask, which can be removed by 
stripping, and the seed layer 4, which is removed by wet etching. 

[0046] In the embodiment of Figures 1-5, the photoresist 5 was used to expose a portion of a 
seed layer 4 (see e.g.. Figure 3A). In other embodiments, the photoresist 5 can be pattemed to 
expose portions of a conductor 4 that will be removed. For example, the reroute layer could 
include one or more metal layers (e.g., aluminum or a compound including aluminum). In that 
case the resist 5 would protect portions of the reroute layer 9 while other portions of conductive 
layer 4 are removed. 

[0047] While this invention has been described with reference to illustrative embodiments, 
this description is not intended to be construed in a limiting sense. Various modifications and 
combinations of the illustrative embodiments, as well as other embodiments of the invention, 
will be apparent to persons skilled in the art upon reference to the description. It is therefore 
intended that the appended claims encompass any such modifications or embodiments. 
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